Abstract: Properties and applications of a plasmonic cross-shaped nano-antenna is presented and 9 compared to those of array of holes. A simple analytical model based on the superposition of waves 10 are proposed and compared to the numerical results. A direct consequence of unequal path for two 11 orthogonal surface waves leads to a coherent quantum interferometer with interesting properties.
Introduction

23
A single photon source emits energy in the form of one quantized unit of light at a time.
24
Controlling the polarization state of a Single Photon Source (SPS) provides a mechanism for defining 25 the computational basis states [1] [2] [3] . A more elaborated account on the photon statistics related to the 26 bunched, coherence, anti-bunched, single photon states, entangled photons and second order 27 correlation function g 2 (0) can be found in [4, 5] . The driving force behind the development of SPSs and 28 single photon detectors is mainly the quantum information science, including cryptography [6] .
An Oscillating electric dipole moment is defined by 
68
The concept of virtual dipole of an elliptical aperture in a metallic thin film was reported by 69 Zakharian and Mansuripur [14, 15] . They demonstrated two distinct virtual dipole oriantations inside 70 the aperture for two distinct incident polarizations, that is parallel and normal to the ellipse's major 71 axis. I have also shown that a cross-shaped aperture in a silver film possesses a well-defined virtual 72 dipole moment [16] that interacts with the nearby quantum emitter. Therefore, the analysis on dipolar 73 activities of a cross-shaped nano-particle may also be applied to virtual dipoles with
74
  
77
That is the superposition of the two orthogonal dipole states. Here, the phase difference, Φ, is to 
and when acted on by the oscillating term 
113
The angular changes in radiations vs the incident wavelength were comparable to those of the 114 gold "T" antenna [19] . But unlike the "T" antenna, far-field radiation patterns of an asymmetric cross
115
showed a 180° rotational symmetry. More importantly, the radiation pattern associated with 116 λ0 = 850 nm was close to a perfect circle. 
121
I reported a similar concept with respect to an asymmetric cross-shaped aperture in a bullseye
122
(BE) setting in a silver screen [10] which revealed the correlation between surface effects and the
123
transmitted state of polarization. The model consisted of a cross-shaped aperture with Lx = 150 nm
124
and Ly = 220 nm at the center of a BE structure with concentric circular corrugations having an inner 
143
In general, there are strong analogies between optical and radiofrequency (RF) dipole antennas.
144
One can hypothesis on a pair orthogonal RF dipole antenna satisfying conditions (A) and (B).
145
Consider the normal vector nr defining the plane of the resultant dipole moment such that µx ⊥ µy ⊥ 146 nr. From Figure 2 (c), one can intuitively infer that the radiation from such a pair adheres to E ⊥ nr for 147 all k0 ⊥ nr, eliminating the need for mechanically driven revolving RF dipole antennas. Here k0 is the 148 wavevector defining the direction of propagation from the resultant dipole to the point of observation
149
and E is the electric field vector. Naturally, when considering the transmission of such a pair along 150 k0 ǁ nr, a circularly polarized radio waves (CPRW) would be detected, and that may have applications
151
in astronomy, just as CPL has applications in microscopy. (6) 
222
In any case, based on the target dimensions obtained from the numerical models, and the spectra 
269
Using equations (7) and (8), the period of a square array of holes that supports SPPs at its glass/silver interface at λ0 = 700 nm was found to be P = λSPP = 433 nm. Applying Drezet's suggestion
271
to the square array, the detuning in each direction should be given ( 
290
corresponding to λ0 = 700 nm.
of the hole, hence being responsible for the scattered power [16] , may be expressed as:
which also satisfies the condition (B). Stokes parameters and the Degree of Polarization (DOP) for
295
SPPs at the surface and about the lattice point (x, y) = (0,0) may be calculated using: 
304
where i and j are integers, , , ,
Q is the quality factor for the (i, j) mode. obtained from the simulation is close to the analytical value 2ΔP = 42 nm using equation (9) . 
338
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358
The optimum incident polarization angle calculated from equation (22) 
370
(1,1)glass mode that varies with polarization. With the array being illuminated from the air side, one 371 may argue that the strong (1,1)glass mode and its red-shift is due to the superposition of (1,1)glass and
372
(1,0)air modes. However, I have demonstrated the optical response of an array of holes with nh = 1, 
412
The consequence of rotating surface charge density on the rims of the holes are (2.a): the formation
413
of rotating dipole moments,  e , governed by equation (2) at the lattice points and (2.b) dipolar formations more peculiar than the former given that it occurs at λ0 = 700 nm where the only supported mode is 416 supposed to be (1,0)glass, a clear breakdown of equations (7) and (8) 
437
computation/information/cryptography deserves further study but is beyond the scope of this report.
438
Notably, every mixed state 
440
Consequently, when the device is excited with an incandescent incident unpolarized light, the state 441 of the system as a whole must be denoted by: 
445
Equation (24) implies that the state of the system as a whole is further, the result of superposition (26) 
499
An alteration to Michelson interferometer based on polarized light is depicted in Figure 10 
Experimental Demonstration
521
The device was first fabricated with a silver film on a glass substrate and was reported in [11, 18] .
522
Results are depicted in Figure 11 . Figure 1(a) where the disparity between the two RCSs were so strong that few factors including the spectral line-shapes (be it obtained analytically or experimentally) and 543 somewhat tedious. But the main point here is that by adjusting α it is possible to obtain the maximum 544 degree of circularly polarized light and this is clearly shown in Figure 11 (a).
545
Earlier simulations showed improvement in transmission through a hole array when it is set in 
556
As for transmitted CPL, previous experiment had resulted in S3 < 1, that contradicted my 557 numerical results. So, I implemented the technique suggested by Kihara [37] that catered for phase 558 errors associated with the optical elements, that confirmed S3 = 1 is indeed possible, see Figure 13 .
559
With the new device, criteria (I)-(II) were satisfied in full. I have elaborated on the fabrication Notably, analytical and numerical results were carried out with a single wavelength at the time,
582
whereas the experimental results were obtained by exciting the array using a white light. Therefore,
583
it was important to determine whether multiwavelength excitation of the array had any impact on 584 the spectra. In the experiment I report here, the array was illuminated from both sides using two 585 independent light sources. From the glass/silver side the array was illuminated with a Fianium
586
Supercontinuum light source filtered at 525  λ0  560 nm. The filter also allowed partial transmission 587 at 435  λ0  450 nm. These coincided with the (1,1)glass and (0,2)glass modes along the x-direction.
588
Number of photons detected from the Fianium Supercontinuum light source passing through the 589 filter vs the wavelength in the absence of the device is depicted in Figure 14 (a) and inset. Spectra in 590 red and green are produced with q = 400 and q = 420 respectively. Here, q, is the quality factor that 591 determines the output power and the spectral line profile of the Fianium's emission, with q = 0 592 meaning no emission. With the device in place, in order to excite all modes associated with Px, the 593 array was first illuminated normally from the air/silver side with a halogen light polarized at α = 0°.
insignificant. This has an important ramification, that is 
617
although the spectra were normalized, they are indicative of photon counts. This is important as I
618
will shortly address the dilemma I was facing with respect to quantum presentation of the spin of a 619 photon.
620
Although, in my opinion, it is acceptable to use ±ħ as a notion to refer to  polarization state
621
of light, as I have done in section 2.3 of my master thesis [9] , I do not support the idea of a single 622 photon having a +ħ or -ħ spin, for example as asserted in section "8. the matter with all its intrinsic physical properties that operates on the incident light, just as I
703
described when explaining equation (1) 
727
Bloch modes do not interact with one another. That may provide an opportunity for the realization 728 of a quantum system with a continues orthonormal set, i.e. a quantum system with many-basis. I
729
have also highlighted aspects of the device applicable to generation/detection of entangled photons,
730
and how any two such array may be coupled to achieve that. I also hypothesized on a possible possibility hoping to ignite interest in bridging plasmonics to other field of physics. And finally, I
have provided an argument on the polarization of a single photon being linear, hence lacking any 734 spin. This is an enforcement of the proposed "minimum two entangled photon needed to produce 735 circularly polarized light". 
763
believe it is more definitive than just obtaining Ez-solution over an interface from a converged solution.
764
Most finite element software packages have built-in to calculate the electric fields at either side of an 765 interface separately. In summary, after a solution is converged, one must obtain Ez-solution directly at 
774
crosses the interface normally, hence Ez = Ez1 -Ez2.
